The elastic displacements, stresses and interaction energy of arbitrarily shaped dislocation loops with general Burgers vectors in transversely isotropic bimaterials (i.e. joined half-spaces) are expressed in terms of simple line integrals for the first time. These expressions are very similar to their isotropic full-space counterparts in the literature and can be easily incorporated into three-dimensional (3D) dislocation dynamics (DD) simulations for hexagonal crystals with interfaces/surfaces. All possible degenerate cases, e.g. isotropic bimaterials and isotropic half-space, are considered in detail. The singularities intrinsic to the classical continuum theory of dislocations are removed by spreading the Burgers vector anisotropically around every point on the dislocation line according to three particular spreading functions. This non-singular treatment guarantees the equivalence among different versions of the energy formulae and their consistency with the stress formula presented in this paper. Several numerical examples are provided as verification of the derived dislocation solutions, which further show significant influence of material anisotropy and bimaterial interface on the elastic fields and interaction energy of dislocation loops.
Introduction
It has been known for a long time that dislocations are the fundamental carriers of plastic deformation and are also responsible for the mechanical strength of crystalline solids (Taylor, 1934) . As a powerful tool in mesoscale simulation, three-dimensional (3D) dislocation dynamics (DD) aims mainly at predicting macroscopic properties of crystals by directly simulating the interaction and evolution of large groups of discrete dislocation lines within crystals in response to external loads (Arsenlis et al., 2007; Cai et al., 2004; Devincre and Condat, 1992; Ghoniem and Sun, 1999; Ghoniem et al., 2000; Kubin, 1993; Rhee et al., 1998; Schwarz, 1999; Verdier et al., 1998; Wang et al., 2006; Zbib et al., 2000; Zbib et al., 1998) . In 3D-DD simulations, dislocation lines are discretized into a set of straight or curved dislocation segments, and the most timeconsuming computational task is to evaluate the interactions among all these dislocation segments with arbitrary orientations and general Burgers vectors. For the sake of computational simplicity and time efficiency, when dealing with such dislocation interactions, nearly all 3D-DD simulations assume linear-elastic isotropy (with the exception of Capolungo et al., 2010; Han et al., 2003; Rhee et al., 2001) in spite of the fact that most crystalline materials exhibit elastic anisotropy. For dislocations in isotropic bulk crystals which are far away from any external or internal interfaces (e.g. free surface, grain or phase boundary), simple analytical solutions for infinite solids can be utilized to compute the dislocation interactions efficiently (Blin, 1955; Cai et al., 2006; Devincre, 1995; deWit, 1960; Hills et al., 1996; Hirth and Lothe, 1982; Paynter et al., 2007; Peach and Koehler, 1950) . When the dislocation lines are close to an interface, however, some special numerical methods are generally required to account for the influence of the interface on the elastic stress field and interaction energy of dislocations (Bulatov et al., 2000; Han et al., 2006) .
Obviously, it would be very desirable to derive 3D analytical solutions as simple as those in infinite isotropic solids, which meanwhile take into consideration the effects of material anisotropy and crystal interface. The related issue has received a great deal of attention in recent years. Gosling and Willis (1994) deduced a line-integral representation for the stress field due to an arbitrarily shaped dislocation loop in an isotropic half-space via the Fourier transform. By virtue of Rongved's solution (Rongved, 1955) , Tan and Sun (2006) obtained a line-integral representation for the stress field due to a piecewise planar glide dislocation loop in isotropic bimaterials. Employing a general solution due to Walpole (1996) and Akarapu and Zbib (2009) derived line-integral solutions for the displacement and stress fields of an arbitrarily shaped dislocation loop in isotropic bimaterials. (Chu et al., 2012a,b) presented a line-integral expression for the elastic fields due to a dislocation loop of triangular shape in anisotropic bimaterials (or a half-space) using the Fourier transform technique. By introducing the hexagonal stress vector, Yu et al. (1995) derived analytical displacement solutions due to an infinitesimal dislocation loop of arbitrary orientation in transversely isotropic bimaterials.
In 3D-DD simulations, another challenge originates from the requirement for accurate evaluations of the self-stress and self-energy of dislocations. According to the classical continuum theory of dislocations, there exist several different but equivalent versions of the energy formulae for infinite isotropic media (Blin, 1955; deWit, 1960) . These energy formulae are consistent with the stress formula of dislocations (deWit, 1960; Hirth and Lothe, 1982) in the sense that the negative derivative of the energy with respect to the dislocation position is equal to the force produced by the stress through the Peach-Koehler formula (Peach and Koehler, 1950) . However, the classical self-stress and self-energy expressions contain singularities due to the unrealistic assumption that the Burgers vector distribution is a delta function. Several attempts were made to remove such singularities since 1960s (Brown, 1964; Gavazza and Barnett, 1976; Hirth and Lothe, 1982; Lothe, 1992) . Recently, Cai et al. (2006) proposed a non-singular, self-consistent continuum theory for computing the stress field and the elastic energy of dislocations in infinite isotropic media by spreading the Burgers vector isotropically around every point on the dislocation line according to a spreading function characterized by the spreading radius.
To the best of the authors' knowledge, for arbitrarily shaped dislocation loops with general Burgers vectors in transversely isotropic bimaterials, explicit line-integral representations of the elastic displacements, stresses and interaction energy are still unavailable in the literature. As an extension to our recent work (Yuan et al., 2013) , we attempt to fill this gap via the potential theory of linear elasticity and solve (i) the displacement and stress fields due to an arbitrarily shaped dislocation loop, and (ii) the interaction energy between two arbitrarily shaped dislocation loops in transversely isotropic bimaterials. The bimaterial considered in this paper consists of two dissimilar semi-infinite transversely isotropic solids either perfectly bonded together or in frictionless contact with each other at a planar interface which is parallel to the plane of isotropy of both solids. The expressions presented here are very similar to their isotropic full-space counterparts, and therefore can be easily incorporated into 3D-DD simulations for hexagonal crystals. Following Cai's approach (Cai et al., 2006) , we also develop a self-consistent method to remove the singularities of the selfstress and self-energy of dislocation loops in transversely isotropic media.
The present paper is organized as follows. In Section 2, the Green's tensor for the non-degenerate or degenerate transversely isotropic bimaterials is expressed in a new, simple and unified form so that it is very suitable for later derivations of the dislocation solutions. In Section 3, based upon the obtained Green's tensor, we derive line-integral expressions for the displacement and stress fields of an arbitrarily shaped dislocation loop and the interaction energy between two arbitrarily shaped dislocation loops in transversely isotropic bimaterials. In Section 4, we propose a nonsingular, self-consistent approach for calculating the self-stress and self-energy of dislocations in transversely isotropic media. In Section 5, several numerical examples are provided to verify the formulations presented in this paper, and to reveal further the considerable influence of material anisotropy and bimaterial interface on the elastic field and interaction energy of dislocation loops. Concluding remarks are drawn in Section 6.
Green's tensor for transversely isotropic bimaterials
In this paper, summation with respect to a repeated (or multirepeated) index is assumed unless this index occurs on both sides of an equation. Also, the range of values of Roman indices (i; j; k etc.) is 1, 2, 3, and that of Greek ones (a, b, c etc.) is 1, 2, unless otherwise specified. For example, in the equation D ij ¼ A a B ia C ia ; ið¼ 1; 2; 3Þ is a free index without summation because it occurs on both sides of this equation, while a is a dummy index which should be summed from 1 to 2 because it occurs only on the right-hand side of this equation and repeats itself three times. The single index j(=1, 2, 3) on the left-hand side of the above equation is also a free one which indicates that
In Cartesian coordinates (x 1 ; x 2 ; x 3 Þ, as shown in Fig. 1a , the bimaterial consists of two joined elastic half-spaces, one (x 3 > 0) occupied by transversely isotropic material 1 and the other (x 3 < 0) occupied by transversely isotropic material 2. These two half-spaces are either perfectly bonded together or in frictionless contact with each other at the planar interface (x 3 ¼ 0). The perfectly-bonded interface indicates the continuity of the displacements u i and the stresses r 3i at x 3 ¼ 0, while the interface in frictionless contact indicates the continuity of the normal displacement u 3 and the normal stress r 33 , and the vanishing shear stresses r 3a at x 3 ¼ 0.
We suppose that the plane of isotropy of both materials is parallel to the bimaterial interface (x 3 ¼ 0). Then the elastic stiffness tensor of material l can be expressed as For the sake of convenience, we first introduce some basic constants in terms of the contracted elastic stiffness constants (Ding et al., 2006; Fabrikant, 2004) , i.e. 
Þ ð4Þ
As is well-known, there exist many different but equivalent forms of the Green's tensor for transversely isotropic bimaterials in the literature (Ding and Chen, 1997; Ding et al., 2006; Pan and Chou, 1979) . However, for the sake of convenience in later derivations, it is necessary to express the Green's tensor in an alternative way, as will be shown below.
Denote the Green's tensor for transversely isotropic bimaterials by u ðkÞðlÞ ij ðy; xÞ, which means the ith component of the displacement vector at y (y 1 ; y 2 ; y 3 Þ in material k due to a unit force in the jth direction applied at x (x 1 ; x 2 ; x 3 Þ in material l. 
We emphasize that Eq. (7) is the main result in this section. For the non-degenerate case of transversely isotropic bimaterials, we have (Ding et al., 2006) 
The symbol '', '' in Eqs. (9a, b) means that, without confusion, w ðlÞ n ðy; xÞ and w ðkÞðlÞ n ðy; xÞ can be written, respectively, as w ðlÞ n and w ðkÞðlÞ n for short, where n = 0, 1, 2, 3, 4. Note that Eq. (10) suggests a simple relationship between the horizontal and vertical point force solutions for transversely isotropic bimaterials, and this has never appeared explicitly in the literature to the best of the authors' knowledge.
The other unknown coefficients in Eqs. (9a,b) are determined by (Ding et al., 2006) 
Also in Eqs. (9a,b), the so-called potential functions are defined as (Ding et al., 2006; Fabrikant, 2004) 
Note that the double indices ij in Eqs. (15)- (18b) only take the combinations ab or 33.
We emphasize that, throughout this paper, multi-valued functions lnz and p z take values in their own single-valued analytic branches which satisfy, respectively, Àp < Imðln zÞ < p and Reð p zÞ > 0 with Àp < arg z < p, where ''Re'' or ''Im'' denotes the real or imaginary part of a complex number, and ''arg'' means its argument.
For future applications, we now write Eq. (9b) in another way. With aid of Eqs. (4) and (14), we can solve Eqs. (12b) 
After substitution of Eqs. (10), (11) and (19) 
While Eq. (23) is obtained based on the assumption of non-degenerate property of transversely isotropic bimaterials, it is actually valid for all possible degenerate cases after proper limiting processes.
The main steps as well as the final result are shown in Appendix A. In other words, no matter if the transversely isotropic bimaterial is non-degenerate or not, the Green's tensor has exactly the same structure as given in Eqs. (5), (7) and (8a,b). This will lead to a simple and unified derivation of the dislocation solutions in the next section.
3. Line-integral representations for the elastic fields and interaction energy of arbitrary dislocation loops in transversely isotropic bimaterials
Displacement field of an arbitrarily shaped dislocation loop
According to the theory of dislocations, the elastic displacement field induced by a dislocation loop C of arbitrary shape, which bounds some curved surface A in transversely isotropic bimaterials (Fig. 1b) , can be expressed as (Hirth and Lothe, 1982) x (x 1 ; x 2 ; x 3 Þ in material l due to a dislocation loop located completely within material k; b j is the jth component of the Burgers vector b, and dA i at y (y 1 ; y 2 ; y 3 Þ is the ith component of the vector area element dA. The positive normal of dA is associated with the positive direction of the dislocation curve according to the right-hand rule (Fig. 1b) . Substituting Eqs. (1), (5), (7) and (8a,b) into Eq. (25) and utilizing the Stokes' theorem (Mura, 1987) 
we finally obtain the elastic displacement field of an arbitrarily shaped dislocation loop with a general Burgers vector as 29a) is the quasi-solid angle subtended by the cut surface of the dislocation loop in material k at point x, which can also be transformed into a line integral (For further details, see Yuan et al., 2013.) In the above derivation, use has been made of both the quasiharmonic property and spatial symmetry of potential functions as given in Eqs. 
As verification, in the special case of an isotropic full-space, Eq. (28) reduced to the well-known Burgers' formula (Burgers, 1939; Hirth and Lothe, 1982) due to the fact that 
where X(x) is the classical solid angle, R(=R(y;x)) is the distance between two points y and x, and v ðkÞ is the Poisson's ratio of material k.
Stress field of an arbitrarily shaped dislocation loop
Let r ðlÞðkÞ ij ðxÞ denote the stress tensor at x (x 1 ; x 2 ; x 3 Þ in material l due to an arbitrarily shaped dislocation loop located completely within material k. Using the stress-strain relation, we can derive from Eq. (27) 
Eq. (37) can be easily proved by using the Stokes' theorem given in Eq. (26). As verification, in the special case of an isotropic full-space, Eq. (34) reduced to the classical stress formula as follows (deWit, 1960; Hirth and Lothe, 1982) S ðkÞ pq ðxÞ ¼ À 
Interaction energy between two arbitrarily shaped dislocation loops
Suppose that C is an arbitrarily shaped dislocation loop with Burgers vector b which is located completely within material k and bounds some curved surface A, whilst e C is another arbitrarily shaped dislocation loop with Burgers vectorb which is located completely within material l and bounds some curved surface e
A.
According to the theory of dislocations (Hirth and Lothe, 1982) , if a second loop e C is created while the first loop C is present, then the interaction energy between these two dislocation loops can be expressed as (47) reduced to the following well-known Blin's formula and deWit's formula, respectively (Blin, 1955; deWit, 1960; Hirth and Lothe, 1982) W ðkÞ I ð e C; CÞ ¼ À G According to Hirth and Lothe (1982) , the self-energy of an arbitrarily shaped dislocation loop C in material k of a transversely isotropic bimaterial can be expressed in terms of the associated interaction energy as As presented in Eqs. (28), (34), (43) and (47), we have obtained the line-integral representations for the elastic displacements, stresses and interaction energy due to arbitrarily shaped dislocation loops in transversely isotropic bimaterials. These expressions are the main results of this paper, and they are valid for both non-degenerate and degenerate cases of transversely isotropic bimaterials (See Appendix A).
Further reductions of the elastic fields and interaction energy
Introduction of the potential functions defined in Eq. (15) is just an intermediate step which largely simplifies the derivation of our dislocation solutions. Substituting these potential functions into Eqs. (28), (34), (43) and (47), we find that the elastic fields and interaction energy can be expressed in terms of the kernel integrals below (Yuan et al., 2013) where N is even (or zero), M is odd (or zero), and 
Note that the above reduction is independent of the specific form of the potential functions v ðkÞ i defined in Eq. (15), and thus independent of the specific configuration of the cut face of a dislocation loop due to the following relations, i.e. 
We also point out that, for a dislocation loop C which is approximated by a set of straight dislocation segments, the kernel integrals defined in Eqs. (55a,b) can be solved analytically (Yuan et al., 2013) . Moreover, the elastic displacements, stresses and interaction energy as given in Eqs. (28), (34), (43) Yuan et al. (2013) should be replaced by ðx 3B À x 3A Þ.
It is obvious that in numerical computation (e.g. Ghoniem and Sun, 1999) , the integrands of the kernel integrals in Eqs. (55a,b) become unbounded once r pn = 0. Fortunately, this singular behavior can be circumvented by expressing Eqs. (28), (34), (43) and (47) in terms of another type of integrals as follows 
where N and M are non-negative integers, and C 0 is a certain segment of loop C. However, there exists another singularity due to R ðkÞ i ¼ 0 in Eqs. (55a) and (60a) which is intrinsic to the classical continuum theory of dislocations. This issue is discussed in the next section.
A self-consistent approach for removing the singularities
As is well-known, the self-energy W ðkÞ S defined in Eq. (54) always diverges due to the presence of singularity when R ðkÞ i ! 0. Following Cai's approach (Cai et al., 2006) , we now propose a self-consistent method to remove such singularities for infinite transversely isotropic media.
To facilitate our discussion, let us first denote the stress field in Eq. (34) and the interaction energy in Eq. (43) or (47) 
In Eq. (64), the star ''⁄'' means the convolution operator defined by
As is indicated in Section 3, when deriving the interaction energy expression in Eq. (43) from unity can be considered as a measure of the degree of anisotropy. In so doing, Eqs. (63) and (67) 
In summary, by introducing three particular spreading functions characterized by the spreading radius e as shown in Eqs.
(68), (74) and (76), we thus obtain the non-singular stress field and interaction energy which are consistent with each other. In other words, the singularity can be removed if we replace the function R ðkÞ i involved in the potential functions of Eqs. (34), (43) and (47) 
in this case) due to the fact that the self-energy is in terms of the interaction energy according to Eq. (54). We also remark that the spreading radius e should be so chosen that the non-singular solution matches the atomistic simulation (Cai et al., 2006) .
In the special case of infinite isotropic media, it is verified that the singularity can be removed if we replace R in Eqs. (38), (51) and (52) 
Note that this reduction leads to slightly different expressions from those of Cai et al. (2006) . In terms of the expressions by Cai et al. (2006) , the function 1/R in our Eqs. (38), (51) and (52) would need to be replaced by r 2 R/2, with r 2 being the 3D Laplacian operator.
As an immediate application of our non-singular expressions, we now calculate the self-energy of dislocation loops with simple configurations.
For a circular glide dislocation loop of radius R located in the plane of isotropy with a Burgers vector (b, 0, 0), the non-singular solution for the self-energy can be obtained from Eqs. (54), (69) and (71) 
Similarly, for a circular prismatic dislocation loop of radius R located in the plane of isotropy with a Burgers vector ð0; 0; bÞ, the non-singular self-energy is 
In Eqs. (78a,b), KðjÞ and EðjÞ are the complete elliptic integrals of the first and second kinds with modulus j defined as
We remark that the asymptotic solutions in Eqs. (78a,b) agree well with those in Chou and Eshelby (1962) , except that the number ''1'' in our Eq. (78b) would be ''2'' in Chou and Eshelby (1962) . This discrepancy can be reconciled by properly choosing the spreading radius e.
For a screw dislocation dipole which is located within the plane of isotropy and is parallel to the x 1 -axis with a Burgers vector (b 1 ; 0; 0), the non-singular solution of the self-energy per unit length can be obtained from Eqs. (54), (69) 
where D is the distance between the two dislocations of the dipole (Cai et al., 2006) . Similarly, for an edge dislocation dipole which is located within the plane of isotropy and is parallel to the x 1 -axis with a Burgers vector (0,b 2 ,0) or (0,0,b 3 Þ, the respective non-singular self-energy per unit length is 
Numerical examples and discussions
In this section, our solutions in Section 3 are applied to a couple of dislocation cases to verify our formulations while illustrating certain interesting features due to the presence of material anisotropy and bimaterial interface. Example 1. Stress field of a circular prismatic dislocation loop in isotropic bimaterials with a perfectly-bonded interface.
This example was suggested by Akarapu and Zbib (2009) . The bimaterial system consists of Cu (material 1, x 3 > 0) and Ni (material 2, x 3 < 0) which are perfectly bonded together at the planar interface x 3 ¼ 0. The material parameters (i.e. shear modulus and Poisson's ratio) used here are listed as follows: G ð1Þ ¼ 54:6 GPa, v ð1Þ ¼ 0:324 for Cu, and G ð2Þ ¼ 94:7 GPa, v ð2Þ ¼ 0:276 for Ni. Within Cu, there exists a circular prismatic dislocation loop of radius r 0 ð¼ 50bÞ with a Burgers vector ð0; 0; bÞ. The loop is parallel to the bimaterial interface with its center being at ð0; 0; 5bÞ. We approximate this circle with an inscribed regular 25-side polygon. As verification, our numerical results are compared with those of Salamon and Dundurs (1971) . It can be observed from Fig. 2 that the shear stress r 13 along the line parallel to x 3 -axis in both materials (l ¼ 1; 2) agrees very well with each other.
Example 2. Stress field of an inclined, circular glide dislocation loop in isotropic bimaterials with a perfectly-bonded interface.
This example was suggested by Tan and Sun (2006) . The bimaterial system consists of GaAs (material 1, x 3 > 0) and Si (material 2, x 3 < 0) which are perfectly bonded together at the planar interface x 3 ¼ 0. The material parameters (i.e. Young's modulus and Poisson's ratio) used here are listed as follows: E cos30°, 0, cos60°) . The Burgers vector is (cos60°, 0, cos150°) Â 0.384 nm. We approximate this circle with an inscribed regular 32-side polygon. As verification, our numerical results are compared with those of Tan and Sun (2006) . It can be seen from Fig. 3 that all the stress components along the line parallel to x 3 -axis in both materials (l ¼ 1; 2) agree very well with each other. We should point out, however, that the discrete data in Fig. 3 are 0.01 times the raw-data extracted directly from the figures in Tan and Sun (2006) . Moreover, due to possible misprints, the stress components in Tan and Sun (2006) should be normalized by the shear modulus instead of the Young's modulus of GaAs.
Example 3. Interaction energy between two hexagonal prismatic dislocation loops in a transversely isotropic full-space. This example was suggested by Willis (1965) . We first introduce a hexagonal prismatic dislocation loop C of side-length a with a Burgers vector ð0; 0; bÞ lying in the basal plane of an infinite hexagonal crystal (magnesium or zinc in this example). In the Cartesian coordinates, the center of this loop is fixed at the origin (0, 0, 0) while its six vertices are located at (a, 0, 0), ða=2; p 3a=2; 0Þ, ðÀa=2; p 3a=2; 0Þ, ðÀa; 0; 0Þ, ðÀa=2; À p 3a=2; 0Þ and ða=2; À p 3a=2; 0Þ, respectively. We now bring in the second prismatic dislocation loop e C with a Burgers vector ð0; 0;bÞ by simple translation of the first loop C, with its center being confined in the x 1 À x 3 plane. Denoting the center of the second loop as (X 1 ; 0; X 3 Þ, the contours of the interaction energy in the X 1 À X 3 plane between these two dislocation loops in (a) magnesium and (b) zinc are shown in Fig. 4 , where the symbol E denotes the non-dimensional interaction energy normalized by (c 44b baÞ, i.e. E ¼ W I ð e C ; CÞ=ðc 44b baÞ. It can be seen from these figures that the slopes of the asymptotic line (i.e. E = 0) are the same as those of infinitesimal loops in Willis (1965) . When the second loop is far away from the first one, the contours coincide with those in Willis (1965) for the infinitesimal loop case. However, when these two loops become close to each other, the contours show significant deviation from those of Willis (1965) . Comparison of Fig. 4(a) with Fig. 4(b) Example 4. Displacements, stresses, interaction energy and image self-energy of glide dislocation loops in transversely isotropic bimaterials.
In Cartesian coordinates, we consider a transversely isotropic bimaterial which is composed of GaN (material 1, x 3 > 0) and InN (material 2, x 3 < 0), with the basal plane of both materials being parallel to the bimaterial interface (i.e. HÞ, respectively. The second loop e C with a Burgers vector ðb; 0; 0Þ is introduced by superpositions of the following operations: (i) simple translation of the first loop C with its center being confined in the x 1 À x 3 plane, and (ii) pure rotation of the first loop C about a rotation-axis which is parallel to the x 1 -axis while passing through the center of C. The center of loop e C is thus denoted as (X 1 ; 0; X 3 Þ, and the orientation of loop e C is described by the rotation angle h, i.e. the inclined angle between the two dislocation planes. Shown in Figs. 5 and 6 are, respectively, the displacement component u 3 and stress component r 22 in GaN/InN bimaterial spaces under both perfect and smooth interface conditions, induced by the first dislocation loop C only. It can be observed from these figures that material anisotropy can have a considerable influence on the displacement and stress fields at some field points (i.e. with different x 3 Þ. We point out that the corresponding isotropic Lamé constants used here are k ¼ 29:4, l ¼ 121:2 (GPa) for GaN and k ¼ 104:4, l ¼ 54:7 (GPa) for InN, which are determined by the Voigt average (Hirth and Lothe, 1982) . Shown in Fig. 7 are the contours of the interaction energy between the two dislocation loops C and e C in the X 1 À X 3 plane (with h ¼ 0 ), where the symbol E denotes the non-dimensional interaction energy normalized by (c 44b baÞ, with c 44 being the modulus of GaN. Obviously, the presence of bimaterial interface causes the asymmetry of the contours about X 3 =a ¼ 0:25 in Figs. 7(b) and (c) in comparison with Fig. 7(a) for the GaN full-space case. Different types of interfaces (perfect or smooth interface in this case) can also substantially influence the contour shapes (Figs. 7(b) vs. (c) ). Moreover, the contour shape for glide loops is quite different from that for prismatic loops as shown in Example 3 (Figs. 7(a) vs.  4(a,b) ). Fig. 8 shows the influence of the orientation of loop e C on the interaction energy between two dislocation loops, where the symbol E also denotes the non-dimensional interaction energy normalized by (c 44b baÞ, with c 44 being the modulus of GaN. It can be seen from Fig. 8 that there exist two extreme points (h ¼ 0 and h % 60 ) at which the slope of E with respect to h becomes zero. We further notice that h ¼ 0 is stable ifbb > 0 whilst h % 60 is stable ifbb < 0. Fig. 9 shows the influence of the distance from the loop center to the bimaterial interface on the image self-energy of a dislocation loop, where the symbol E Image S denotes the non-dimensional image self-energy normalized by (c 44b baÞ, with c 44 being the modulus of GaN. It can be observed from Fig. 9 that the smooth interface always imposes an attractive force upon the glide dislocation loop, no matter whether this loop is located within GaN or within InN. However, the perfect interface imposes an attractive force upon the glide dislocation loop if it is located within GaN which has a relatively large shear modulus, and imposes a repulsive force upon this loop if it is located within InN which has a relatively small shear modulus.
Conclusions
In this paper, we have obtained simple line-integral representations for the elastic displacements, stresses, self-energy and interaction energy of arbitrarily shaped dislocation loops with general Burgers vectors in either non-degenerate or degenerate transversely isotropic bimaterials. These expressions are very similar to their isotropic full-space counterparts (e.g. Burgers' formula, deWit's formula, Blin's formula) and therefore can be easily applied to 3D-DD simulations for hexagonal or isotropic crystals with interfaces/surfaces. We have also proposed a non-singular and self-consistent approach to evaluate the self-stress and self-energy of a dislocation loop in transversely isotropic media efficiently. Our numerical examples show clearly the significant influence of material anisotropy and bimaterial interface on the elastic fields and interaction energy of dislocation loops.
Our line-integral expressions for the elastic displacements, stresses and interaction energy are also applicable to the important case of a transversely isotropic (or isotropic) half-space with free surface, provided that we slightly modify the associated coefficients of the Green's tensor for bimaterials, as discussed in Appendix B. (q = 1, 2, 3, 4) are ill-defined. However, we will show below that they become well-defined after a proper limiting process. In the following discussion, the symbol ''$'' indicates that there is no index in the given position.
We now deal with w 
We remark that use has also been made of Eqs. (4) and (22) 
Here use has been made of Eqs. (4) and (22) in obtaining Eqs. (B3) and (B4). Obviously, for the specific problem of dislocation loops in a transversely isotropic half-space, there is no need for us to calculate any quantity with double material-indices (k)(l) where k -l.
For the special case of an isotropic half-space, the associated potential functions can be significantly simplified and the final results are listed below for future reference. 
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